Background and purpose: The aim of this study was to identify the prevalence of sleep disorders and measure the objective sleep quality in patients with seizure disorders. Methods: Patients admitted for video electroencephalography monitoring were prospectively recruited and polysomnography was performed on the third night of monitoring. Results: A total of 4/44 (9%) patients with epilepsy and 2/22 (9%) patients with dissociative seizures were found to have mild sleep-disordered breathing. Three (7%) patients with epilepsy were found to have mild or moderate obstructive sleep apnea-hypopnea syndrome (OSAHS) and three (14%) patients with dissociative seizures had mild or moderate OSAHS. Most patients with sleep-disordered breathing or OSAHS were overweight or obese. Time awake after sleep onset was high in both groups. There were no significant differences in sleep architecture between the groups except for a difference in average N3 sleep stage proportion. Periodic limb movements (PLMs) were common in both groups and 27% of patients with dissociative seizures had both high PLM rates and high arousal indices, suggesting a high prevalence of probable PLM disorder in that group (compared with 9% in the epilepsy group). Conclusions: Our findings contradict the commonly reported high comorbidity of OSAHS and epilepsy, and question its purported clinical relevance. High rates of PLMs were found in patients with dissociative seizures. In both patient groups, high awake after sleep onset times were indicative of sleep disruption, which can have an epileptogenic effect and is known to increase dissociative tendencies.
Introduction
The phenomenology of seizures, both epileptic and dissociative, has often invited oneiric analogies, such as John Hughlings-Jackson's 'dreamy state' or Pierre Janet's 'fits of somnambulism' [1, 2] . However, beyond the common denominator of a change in awareness, there are various clinicopathological connections between seizure disorders and sleep. In people with epilepsy, sleep may be disrupted by nocturnal epileptic activity or antiepileptic drugs and, conversely, sleep states can influence the onset and course of seizures [3] [4] [5] . Among sleep disorders that are presumably associated with epilepsy, obstructive sleep apnea-hypopnea syndrome (OSAHS) has received particular attention [6] . Although high rates of comorbidity are often reported [7] [8] [9] , most studies on this topic have considerable limitations in sample size and methodology [3] . In a larger, two-step study on 283 unselected patients with epilepsy using structured interviews for initial screening and polysomnography (PSG) in symptomatic patients, an OSAHS rate of 10% was calculated [10] , which is within the range of the general population (6-17%) [11] . Case series and studies on comorbid OSAHS and epilepsy have reported an improvement in seizure frequency after OSAHS treatment [12] [13] [14] [15] , but the only randomized controlled trial to date [16] did not confirm this observation. The possibility of above-chance comorbidity of OSAHS and epilepsy could have important treatment implications, but has not yet been fully investigated.
Dissociative seizures, also known as psychogenic non-epileptic seizures, are paroxysmal attacks of altered awareness and impaired behavioral control [17] . They can be conceptualized as episodes of acute dissociation in response to perceived threats or conditioned cues [18, 19] and afflicted patients have high rates of dissociative experiences and dissociative disorders [17, 18] . Interestingly, patients frequently report symptoms of disordered sleep such as insomnia, fragmented sleep, daytime sleepiness and fatigue [20] . A recent study showed that patients with dissociative seizures more frequently reported moderate to severe changes in sleep patterns than patients with epilepsy and those changes were associated with worse quality of life [21] . However, sleep and sleep disorders have rarely been the focus of studies on dissociative seizures [22] . Only one small study on eight women with dissociative seizures has so far systematically investigated sleep quality in this disorder, suggesting a higher ratio of rapid eye movement (REM) sleep compared with 10 patients with epilepsy [23] . Most other studies are case reports or case series that examine nocturnal dissociative seizures [24] [25] [26] [27] [28] .
A systematic exploratory study of sleep in unselected patients with seizure disorders referred for video telemetry might elucidate questions of comorbidity, pathophysiological connections and therapeutic leverage. The aim of this study was therefore to identify the prevalence of sleep disorders, particularly OSAHS, sleep-disordered breathing (SDB) and periodic limb movement (PLM) disorder, and to measure objective sleep quality in a prospectively recruited population with seizure disorders during a diagnostic video electroencephalography (EEG) monitoring inpatient stay.
Methods

Participants
All patients of at least 18 years of age due for admission for a 5-day clinical video EEG monitoring study at the Western General Hospital in Edinburgh between September 2014 and September 2016 were invited to enter the study either at the time that the recommendation for monitoring was made or on arrival at the ward.
Informed consent was obtained from all participants prior to inclusion. This study received ethics approval by the Institutional Review Board (NHS Lothian Human Research Ethics Committees).
Procedures
Clinical characteristics were recorded as follows: seizure diagnosis (dissociative seizures or epilepsy) based on the results of video EEG monitoring was derived from discharge letters; sleep disorders were diagnosed based on the PSG results (see below); and additional demographic and clinical data such as medication on the night of PSG was extracted from electronic medical records. On examination, the following anatomical measurements were obtained: weight and height to calculate body mass index (BMI), upper airway shape (assessed with Malampatti classification) and jaw occlusion (using malocclusion classification). The Epworth Sleepiness Scale (ESS) was used to assess daytime sleepiness and the generally accepted cut-off of >10 points (maximum 24 points) was used [29] .
Video PSG was performed on the third night of the monitoring period by adding necessary electrodes and sensors to the video EEG monitoring setup according to the guidelines from the American Academy of Sleep Medicine. PSG data were scored by a sleep disorders specialist and certified scorer according to the above-mentioned guidelines without knowledge of the final seizure diagnosis. The following parameters were recorded or derived: sleep latency; total sleep time (TST); time awake after sleep onset (in min) (WASO); WASO as a proportion of total duration of sleep [% WASO = WASO/(WASO + TST)]; durations of REM sleep and non-REM sleep stages (N1, N2 and N3) (in min) and as a percentage of TST; and arousal index (AI). The apnea-hypopnea index (AHI) was calculated as the average number of apnea and hypopnea events per hour of sleep. PLMs were indexed as PLMs per hour.
Obstructive sleep apnea-hypopnea syndrome
Obstructive sleep apnea-hypopnea syndrome is a disorder of repeated upper airway obstruction with cessation or reduction of airflow (apnea/hypopnea) leading to oxygen desaturation in the blood and arousals. The resultant sleep fragmentation is associated with symptoms of excessive daytime sleepiness [11] . The diagnosis of OSAHS depends on the method of examination and varies in the sleep disorders literature [11] . Many studies use only PSG indices (such as AI or AHI) to determine the presence of SDB or OSAHS [11] . According to the International Classification of Sleep Disorders, 3rd edition, OSAHS diagnosis requires either typical subjective symptoms (significant daytime sleepiness, fatigue, insomnia, snoring, subjective nocturnal respiratory disturbance or observed apnea) and five or more obstructive respiratory events per hour of sleep, or 15 or more obstructive respiratory events per hour of sleep regardless of reported symptoms [30] . Only the ESS was used to assess subjective sleep-related symptoms in this study. Thus, OSAHS was diagnosed when the ESS score was abnormal (>10) and the AHI was between 5 and 15 (mild) or when the AHI was between 15 and 30 (moderate) or >30 (severe) regardless of the ESS score. Cases in which the AHI was between 5 and 10 but the ESS score was normal (≤10) were tagged as mild SDB.
Periodic limb movements in sleep
Periodic limb movements, usually of the legs, can occur during sleep and can be associated with physiological arousal and potentially sleep fragmentation [31, 32] . Quantified as movements/hour, a PLM index >15/h is usually considered abnormal and, in combination with other typical symptoms, supportive of restless legs syndrome. However, in a populationbased study of 2162 subjects, the prevalence of a PLM index >15 was 28.6% [32] . PLM disorder is usually diagnosed when PLMs occur during sleep with a PLM index >15/h, the patient reports sleep disturbance or daytime sleepiness and there is no other underlying cause such as restless legs syndrome or certain medications [30] . Accordingly, we classified patients as 'probable PLM disorder' when they fulfilled the following criteria: PLM index >15/h; no concomitant OSAHS diagnosis; and either a pathological ESS score (>10) or abnormally high AI (>10).
Results
During the study period, a total of 82 patients were considered for participation in the study. Overall, 66 patients were recruited and completed the study. Of these, 22 were found to have dissociative seizures and 44 had epileptic seizures. The groups did not differ significantly in age, gender distribution or BMI. Malocclusion and Mallampati distributions were similar and unremarkable. Both groups had relatively high rates of centrally acting medication on the night of PSG. Table 1 presents a summary of demographic, anatomical and clinical characteristics. Table 2 is a summary of PSG data comparing both patient groups. There were no significant betweengroup differences in ESS score, AHI, sleep latency, WASO, % WASO, duration of sleep stages N1, N2 and REM, PLM index and AI. The average proportion of N3 was significantly higher in the epilepsy group than in the dissociative seizures group (30% vs. 20.4%, P = 0.008).
In the epilepsy group (n = 44), five patients had an AHI between 5 and 15, but only one of these had an abnormal ESS score fulfilling our criteria for mild OSAHS and the other four were classified as mild SDB. Two patients had AHI ≥ 15 (and <30) with normal ESS score (≤10), fulfilling our criteria for moderate OSAHS. The average BMI of the four patients with SDB was 26.8 kg/m 2 , with three of them in the 'overweight' range (BMI > 25 kg/m 2 ). The three patients with OSAHS had an average BMI of 26.1 kg/ m 2 . No patient with epilepsy fulfilled our criteria for severe OSAHS.
Of the 22 patients with dissociative seizures, two patients (9%) had an AHI between 5 and 15 and ESS score > 10 (mild OSAHS) and one patient (5%) had moderate OSAHS according to our criteria (AHI, 20.4). The average BMI of these three patients was 38.0 kg/m 2 , with all of them in the 'obese' range (BMI > 30 kg/m 2 ). Two patients had mild SDB, one of them being 'obese' (BMI, 35.5 kg/m 2 ) and the other 'overweight' (BMI, 25.5 kg/m 2 ). No patient with dissociative seizures fulfilled our criteria for severe OSAHS. In the epilepsy group, five patients (11%) had a PLM index >15/h and four (9%) of those fulfilled our criteria for probable PLM disorder. In the dissociative seizures group, seven patients (32%) had a PLM index >15/h and six (27%) were classified as having probable PLM disorder.
Discussion
In 44 prospectively recruited patients with epilepsy, video PSG revealed only three cases of mild or moderate OSAHS (7%) and four cases of SDB (9%). Most of the patients were overweight or obese. In 22 patients with dissociative seizures, two (9%) had mild SDB, two (9%) had mild OSAHS and one (5%) had moderate OSAHS. All but one of them were obese. These rates of sleep disturbance are in line with rates reported for the general population [11] and are in contrast with previous similarly powered studies investigating OSAHS in refractory epilepsy [7] [8] [9] . This might be explained in part by a difference in OSAHS definitions used. For example, in the oft-cited study by Malow et al. [7] , the obstructive sleep apnea diagnosis was established only using the respiratory disturbance index, without taking into account subjective symptoms. In fact, although obstructive sleep apnea was determined in one-third of patients, there was no significant difference in ESS scores between patient groups, with the obstructive sleep apnea group having an average ESS score within the normal range. In our study, most patients with SDB or OSAHS were overweight or obese, suggesting that sleep pathology might be more directly related to obesity rather than the seizure disorder.
Concerning PLMs, the PLM indices of our patients have to be considered in the context of epidemiological studies of the general population, which have shown rates of PLM >15/h in 28.6% of adults [32] . Although our study was not designed to detect PLM disorder with clinical accuracy or confidence, using AI and ESS score as proxies for relevant sleep disturbance we found a surprising rate of probable PLM (27) 4 (9) Data presented as mean (SD) or n (%) unless noted otherwise. AI, arousal index; AHI, apnea-hypopnea index; ESS, Epworth Sleepiness Scale; OSAHS, obstructive sleep apnea-hypopnea syndrome; PLM, periodic limb movement; REM, rapid eye movement; SDB, sleep-disordered breathing; TST, total sleep time; WASO, wake after sleep onset. a For technical reasons some datasets were incomplete: two patients with epilepsy had missing ESS scores; three patients with dissociative seizures and four patients with epilepsy had missing information on medication on the night of the study; and one patient with dissociative seizures and four patients with epilepsy did not have AI data. disorder in patients with dissociative seizures (27%, compared with 9% in the epilepsy group). On a related note, % WASO was relatively high in both groups (25.7% and 22.7%, respectively) with patients from both groups spending an average of 2 h awake each night, which is very high compared with healthy adults [33] .
High WASO rates are a marker of sleep disruption. This can result in relative sleep deprivation, a wellrecognized precipitant for epileptiform discharges and seizures [3] . Sleep deprivation has been shown to lead to an increase in cortical excitability [34] , which is even more pronounced in patients with idiopathic generalized epilepsy [35] . In cases when sleep deprivation (or sleep inefficiency) is due to OSAHS, respective treatment might indeed lead to a reduction in seizure frequency as discussed above. However, our study does not support the claim that OSAHS (or SDB) is a particularly common cause of sleep disruption in patients with epilepsy. If a patient with epilepsy reports sleep disturbances, other factors such as medication effects, psychiatric comorbidities and nocturnal epileptic activity must all be considered; this study suggests that these are potentially more likely than OSAHS to be responsible.
The high WASO and PLM rates in patients with dissociative seizures might be more than incidental findings. Studies have suggested a causal association between disordered sleep and dissociative experiences [36] . Acute sleep loss of 24 or 36 h in an experimental setting can enhance dissociative experiences in healthy controls as assessed by self-report scales and cognitive tasks [37, 38] . Clinically insomniac patients score high on the Dissociative Experiences Scale with scores correlated to quantifiable EEG parameters [39] . Conversely, in a mixed psychiatric inpatient sample, an improvement in sleep quality led to a decrease in dissociative experiences [40] . Our PSG findings in patients with dissociative seizures suggest that sleep deprivation might be a common occurrence in these patients, supporting a possible contribution to the propensity for dissociative attacks. Further studies are needed to elucidate this relationship, as in some cases it might reveal relevant treatment opportunities.
Our study has several important limitations. Only the ESS was used to assess relevant symptoms of OSAHS, potentially missing the diagnosis of mild OSASH in individuals with mild SDB (AHI between 5 and 15) and other diagnostically relevant symptoms such as insomnia or snoring. Video PSG is usually performed in dedicated sleep laboratories, where special precautions are taken to ensure a sufficient level of comfort for patients, which is not achieved at quite the same level in an epilepsy monitoring unit. Many of our patients were under the influence of centrally acting medication, which is known to affect sleep through various mechanisms. However, although possibly obscuring pathophysiological effects between sleep and seizure disorders, this reflects the reality of clinical care in these patients. Due to its exploratory nature, the study was not powered strongly enough to clarify all reported findings and avoid possible type I errors. Also, the lack of healthy controls weakens the validity of some judgements beyond simple betweengroup analyses. Patients were selected based on the recommendation of telemetry (and patient consent), so there is a selection bias that is difficult to define and limits generalizability. Finally, PSG was performed for one night only. However, it was performed on the third night of admission to reduce possible 'first-night' effects (although studies have suggested that any such effects on PSG parameters may be minor [41] ).
In conclusion, our findings do not support claims of high comorbidity of OSAHS and epilepsy; raise the suspicion of high rates of PLM disorder in patients with dissociative seizures; and reveal high WASO times in both patients with epilepsy and with dissociative seizures. Although the relevance of sleep deprivation for epilepsy is well known, its role in the pathogenesis of dissociative seizures is unknown. Considering its high prevalence, further studies on sleep and dissociative seizures are warranted.
